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Figure 1 



Sequence alignment of mouse Serca 1, 2 and 3 protein. 



5 Sercala 
Serca2a 
Serca2b 
Serca3a 
SercaSb 
10 SercaSc 



1 MEAAHSKSTEECLSYFGVSETTGLTPDQVKRHLEKYGPNELPAEEGKSLWELWEQFEDL 



1 . . N . . T , TV . . V . GH . . . N . S . . . SLE . 

1 . .N. .T.TV. .V.GH. . .N.S. . .SLE. 

1 . . E . . LL . AADV . RR . S . TAEG . . SLE . 

1 . .E. -LL.AADV.RR.S.TAEG. .SLE. 
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121 EYEPEMGKVYRADRKSVQRIKARDIVPGDIVEVAVGDKVPADIRILSIKSTTLRVDQSIL 
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. . .Q. 
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. . . LT . . 
. .'.LT. . 

.L.LIE, 
.L.LIE. 
.L.LIE. 



181 TGESVSVIKHTDPVPDPRAVNQDKKNMLFSGTNIAAGPCAVGIVATTGVSTEIGKIRDQiyiA 

181 M.V.VA. . .N E.V 

181 M.V.VA. ..N E.V 

181 T....AI S.. .L. VAVA. . LQ . . L . . . . S . . . 

181 T....AI S.. .L. VAVA. . LQ . . L . . . . S . . . 

181 T. . . .AI S. . .L.VAVA. . LQ . . L . . . . S . . . 
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SercaSa 
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241 ATEQDKTPLQQKLDEFGEQLSKVISLICVAVWLINIGHFNDPVHGGSWFRGAIYYFKIAV 
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.L. . .V. 



40 



45 



Sercala 
Serca2a 
Serca2b 
SercaSa 
SercaSb 
SercaSc 



SOI ALAVAAIPEGLPAVITTCLALGTRRMAKKNAIVRSLPSVETLGCTSVICSDKTGTLTTNQ 

SOI 

301 

301 

301 

301 



.R. 
.R. 
.R. 



50 



Sercala 
Serca2a 
Serca2b 
SercaSa 
SercaSb 
SercaSc 



361 MSVCKMFIIDKVDGDVCSLNEFSITGSTYAPEGEVLKNDKPVRAGQYDGLVELATICALC 



361 R. , .L. . .E. .T 

361 . . . .R. . .L. . .E. .T 

3 61 . . . .R. . VVAEAEAGT . R . H . .T.S.T. .T. 

361 R. .VVAEAEAGT. R.H. .T.S.T. .T. 

361 R. .VVAEAEAGT. R.H. .T.S.T. .T. 



. . . Q . D . . . . KCH . . . 
. . . Q . D . . . . KCH . . . 
. . . RQGEQ . . . C . . F . 
. . . RQGEQ . . . C. . F . 
. . . RQGEQ . . . C . . F . 



Sercala 421 NDSSLDFNETKGVYEKVGEATETALTTLVEKMNVFNTEVRSLSKVERANACNSVIRQLMK 

55 Serca2a 421 ...A. .Y..A C D . . LKG . . . I K. . . . 

Serca2b 421 . . .A. .Y. .A C D. .LKG. . .1 K. . . . 

SercaSa 421 . . .A. .Y. .A C D.DLKG. .R. . . .G K. . .R 

SercaSb 421 . . .A. .Y. .A C D.DLKG. .R G K. . .R 

SercaSc 421 . .A. .Y. .A C D.DLKG. .R. . . .G K. . .R 
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Sercala 481 KEFTLEFSRDRKSMSVYCSPAKSSRAAVGNKMFVKGAPEGVIDRCNYVRVGTTRVPLTGP 

Serca2a 481 T.N.P..TSMS- THI . . . S . K. . M. PG 

Serca2b 481 T.N. P. .TSMS- THI. . .S.K. .M.PG 

SercaSa 481 • T.TRADPKVQ.S S . . E . . SS . . . .SRTA. . STT 

5 SercaSb 481 T.TRADPKVQ.S S..E..SS SRTA. .STT 

Serca3c 481 T.TRADPKVQ.S S . . E . . SS . . . . SRTA. . STT 



Sercala 541 VKEKIMSVIKEWGTGRDTLRCLALATRDTPPKREEMVLDDSAKFMEYEMDLTFVGVVGML 



Serca2a 540 ..Q R...S.S. 

10 Serca2b 540 . .Q R.,.S.S. 

SercaSa 541 SR. H . LAK. RD . . S . S . 

Serca3b 541 SR. H . LAK. RD . . S . S . 

Serca3c 541 SR. H . LAK. RD. . S. S . 



,H.N.L 
.H.N.L 



. .H.E. . ,N.IK. .TN C. 

. .H.E. . .N.IK. .TN C. 

RK. D.H. . .CSR.VQ. .T C. 

RK.D.H. . .CSR.VQ. .T C. 

RK.D.H. . .CSR.VQ. .T C. 



15 



20 



Sercala 
Serca2a 
Serca2b 
SercaSa 
SercaSb 
SercaSc 



601 DPPRKEVTGSIQLCRDAGIRVIMITGDNKGTAIAICRRIGIFSENEEVTDRAYTGREFDD 



600 
600 
601 
601 
601 



, I . . AS . VK . . . Q . 
, I . . AS . VK . . . Q . 
,P. .AAC.TR.SR. 
.P. .AAC.TR.SR. 
.P. .AAC.TR.SR. 



. V. 
.V. 
.V. 
.V. 
.V. 



.GQD.D. .SK.F. 
.GQD.D. .SK.F. 
.GDT.D.LGK. . . 
.GDT.D.LGK. . . 
.GDT.D.LGK. . . 



.E 
.E 



25 



Sercala 661 LPLAEQREACRRACCFARVEPSHKSKIVEYLQSYDEITAMTGDGVNDAPALKKAEIGIAM 

Serca2a 660 .SPSA. .D..LN.R F...F S 

Serca2b 660 .SPSA. .D. .LN.R F. . .F S 

SercaSa 661 . SPEQ . . Q . . . T . R A. . . R. . . N . . . FN 

SercaSb 661 . SPEQ . . Q . . . T . R A. , . R. . . N . . . FN 

SercaSc 661 .SPEQ. ,Q. . .T.R A. . .R. . .N. . .FN 



30 



35 



40 



Sercala 
Serca2a 
Serca2b 
SercaSa 

SercaSb 
SercaSc 

Sercala 
Serca2a 
Serca2b 
SercaSa 
SercaSb 
SercaSc 



721 GSGTAVAKTASEMVLADDNFSTIVAAVEEGRAIYNNMKQFIRYLISSNVGEVVCIFLTAA 

720 

720 
721 

721 
721 





















. A. . 


. .8. . 





7 81 LGLPEALIPVQLLWVNLVTDGLPATALGFNPPDLDIMDRPPRSPKEPLISGWLFFRYMAI 
780 . .F NK. . .N L. . 

780 ..F NK...N L.. 

781 EK. . .N.R.A L. . 

781 EK. . .N.R.A L. . 

781 EK. . .N.R.A L. . 



45 



Sercala 
Serca2a 
Serca2b 
SercaSa 
SercaSb 
SercaSc 



8 41 GGYVGTVATVGAAAWWFLYAEDGPHVSYHQLTHFMQCTEHNPEFDGLDCEVFEAPEPMTMA 



840 



, lA.DG. .R. .FY. .S. .L. .K.D. .D. . .V. .AI. .S. Y. 



840 .C... lA. DG. . R. . FY. .S..L.. K.D. 

841 .V...L.,.A..T DAE. .Q.TFY. .RN.LK.S.D. 

841 .V...L...A..T DAE, .Q.TFY. .RN.LK.S.D. 

841 .V...L...A..T DAE. .Q.TFY. .RN.LK.S.D. 



.D. . .V. .AI. .S. Y. . 
.L.A.I. .K. . .SRF.T 
.L.A.I. .K. . .SRF.T 
.L.A.I. .K. . .SRF.T 



50 Sercala 901 LSVLVTIEMCNALNSLSENQSLLRMPPWVNIWLLGSICLSMSLHFLILYVDPLPMIFKLR 

Serca2a 900 E....V E...L..QIT 

Serca2b 900 • E V . .E. . .L, .QIT 

SercaSa 901 V L.P, 

SercaSb 901 V L.P. 

55 SercaSc 901 V L.P. 



.AWM. .A L.P. 

.AWM. .A L.P. 

.AWM. .A L.P. 



. L . . QVT 
,L. .QVT 
.L. .QVT 
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Sercala 961 ALDFTQWLMVLKISLPVIGLDELLKFIARNYLEG 

Serca2a 960 P.NL LM..T...V QPAILE 

Serca2b 960 P.NL LM. .T, . .V QPGKECVQPATKSSCSLSACTDGISWP 

SercaSa 961 P . SGR. . GV. . QM L . . . A . . YLS . . HMDEKKDLK 

5 Serca3b 961 P.SGR. .GV. .QM L. . .A. . YLS . . HMD. VLGTFMQARSRQLPTTSRTPYHTGKK 

SercaBc 961 P.SGR. .GV. .QM L. . .A. .YLS. . HMD. VLGTFMQARSRQLPTTSRTPYHTGLA 

Serca2b 1020 FVLLIMPLVVWVYSTDTNFSDMFWS 
10 SercaSb 1021 GPEVNPGSRGESPVWPSD 
Serca3c 1021 SWKKRT 



15 
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Figure 2 
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Sequence similarity of Serca2 proteins in mammalian species 
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Mouse__2a 241 ATEQERTPLQQKLDEFGEQLSPCVISLICIAVWIINIGHFNDPVHGGSWIRGAIYYFKIAV 

Mouse 2b 241 

Rat 2b 241 

5 Rat_2a 241 

Dog_2a 241 

Cat_2a 241 

Pig 2a 241 

Pig 2b 241 

10 Human 2b 241 

Human 2c 241 

Human 2a 241 

Rabbi t2 a 241 

Rabbi t2b 241 

15 

Mouse_2a 301 ALAVAAIPEGLPAVITTCLALGTRRMAKKNAIVRSLPSVETLGCTSVICSDKTGTLTTNQ 

Mouse_2b 301 

Rat 2b 301 

Rat 2a 301 

20 Dog2a 301 

Cat_2a 301 

Pig 2a 301 

Pig_2b 301 

Human_2b 301 

25 Human_2c 301 

Human_2a 301 

Rabbit_2a 301 

Rabbi t_2b 301 

30 Mouse_2a 361 MSVCRMFILDKVEGDTCSLNEFSITGSTYAPIGEVQKDDKPVKCHQYDGLVELATICALC 

Mouse_2b 361 

Rat 2b 361 T 

Rat 2 a 3 61 T 

Dog_2a 361 R....S T H 

35 Cat 2a 3 61 T H 

Pig 2a 361 T H 

Pig_2b 361 T H 

Human_2b 361 R T ....H N 

Human_2c 361 R T H N 

40 Human_2a 361 R T H,.....N 

Rabbi t_2a 361 D T H 

Rabbi t_2b 361 D T H 

Mouse_2a 421 NDSALDYNEAKGVYEKVGEATETALTCLVEKMNVFDTELKGLSKIERANACNSVIKQLMK 

45 Mouse_2b 421 

Rat2b 421 

Rat_2a 421 

Dog_2a 421 

Cat__2a 421 K.F 

50 Pig 2a 421 

Pig_2b 421 

Human_2b 421 

Human_2c 421 

Human_2a 421 

55 Rabbit_2a 421 

Rabbit 2b 4 21 
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Mouse_2a 4 81 KEFTLEFSRDRKSMSVYCTPNKPSRTSMSKMFVKGAPEGVIDRCTHIRVGSTKVPMTPGV 

Mouse_2b 481 

Rat 2b 481 

Rat 2a 481 

5 Dog 2a 481 

Cat2a 481 

Pig_2a 481 

Pig2b 481 

Hiiman2b 481 S.. 

10 Human_2c 481 S.. 

Human_2a 481 S.. 

Rabbi t_2a 481 A.. 

Rabbit_2b 481 A. . 

15 Mouse_2a 541 KQKIMSVIREWGSGSDTLRCLALATHDNPLKREEMHLEDSANFIKYETNLTFVGCVGMLD 

Mouse_2b 541 

Rat_2b 541 R 

Rat2a 541 R 

Dog_2a 541 ...V R....N 

20 Cat_2a 541 . . .V R N 

Pig_2a 541 MR, . , .N 

Pig_2b 541 MR. . . .N 

Human 2b 5 41 R 

Hiiman_2c 541 R 

25 Human_2a 541 R 

Rabbit 2a 541 R K 

Rabbi t__2b 541 R K 

Mouse_2a 601 PPRIEVASSVKLCRQAGIRVIMITGDNKGTAVAICRRIGIFGQDEDVTSKAFTGREFDEL 

30 Mouse_2b 601 

Rat 2b 601 

Rat 2a 601 

Dog 2a 601 

Cat 2a 601 

35 Pig_2a 601 

Pig_2b 601 

H\iman_2b 601 

Hum.an_2c 601 

Huinan__2 a 601 

40 Rabbit_2a 601 E. , . .A 

Rabbit_2b 601 E. . . .A 

Mouse_2a 661 SPSAQRDACLNARCFARVEPSHKSKIVEFLQSFDEITAMTGDGVNDAPALKKSEIGIAMG 

Mouse_2b 661 

45 Rat_2b 661 . 

Rat 2a 661 

Dog_2a 661 

Cat_2a 661 

Pig_2a 661 N E 

50 Pig_2b 661 N E 

Huiman_2b 661 N A 

Human_2c 661 N A 

Human_2a 661 N A 

Rabbi t_2a 661 N A 

55 Rabbit 2b 661 N A 



wo 2005/063007 



7/19 



PCT/NO2004/000397 



Mouse JZa 721 SGTAVAKTASEMVLADDNFSTIVAAVEEGRAIYNNMKQFIRYLISSNVGEVVCIFLTAAL 

Mouse_2b 721 

Rat_2b 721 

Rat_2a 721 

5 Dog_2a 721 

Cat_2a 721 

Pig 2a 721 

Pig2b 721 

Human_2b 721 

10 Human_2c 721 

Human_2a 721 

Rabbi t_2a 721 

Rabbi t_2b 721 

15 Mouse_2a 781 GFPEALIPVQLLWVNLVTDGLPATALGFNPPDLDIMNKPPRNPKEPLISGWLFFRYLAIG 

Mouse_2b 781 

Rat2b 781 

Rat 2a 781 

Dog_2a 781 

20 Cat_2a 781 

Pig2a 781 

Pig_2b 781 

Human 2b 781 

Human_2c 781 

25 Human_2a 781 

Rabbit_2a 781 

Rabbit_2b 781 

Mouse_2a 8 41 CYVGAATVGAAAWWFIAADGGPRVSFYQLSHFLQCKEDNPDFDGVDCAIFESPYPMTMAL 

30 Mouse_2b 841 

Rat_2b 841 E 

Rat 2a 841 E 

Dog_2a 841 D E 

Cat 2a 841 D E 

35 Pig_2a 841 T E V 

Pig_2b 841 T E V 

Human_2b 841 E 

Huinan_2c 841 E 

Human_2a 841 E 

40 Rabbit_2a 841 E 

Rabbit_2b 841 E 

Mouse_2a 901 SVLVTIEMCNALNSLSENQSLLRMPPWENIWLVGSICLSMSLHFLILYVEPLPLIFQITP 

Mouse_2b 901 

45 Rat_2b 901 

Rat_2a 901 

Dog_2a 901 

Cat 2a 901 

Pig 2a 901 

50 Pig2b 901 

Human_2b 901 

Human_2G 901 

Hiaman_2a 901 

Rabbit_2a 901 

55 Rabbit 2b 901 
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Mo 11 s e_2 a 9 61 LNLTQWLMVLKI SLPVILMDETLKFVARN YLEQPAI LE 

Mo-ase_2b 9 61 GKECVQPATKSSCSLSACTDGISWPF 

Ra-t:_2b 961 - . GKECA P 

Rat_2a 961 -.AXLE 

Dog_2a 961 -.AILE 

Cat:__2a 961 -.AILE 

Pig-_2a 9 61 -.AILE 

Pi<g_2b 961 - . GKEC -..F 

Human_2b 961 ..V -.GKEC -..F 

Huinan_2c 961 . .V -.VLSSL 

Human__2a 961 .,V -.AILE 

Ra]obit_2a 961 . .V -.AILE 

Ra]obit_2b 961 . .V -.GKEC PQ.-. . .W. . .E.V 

Mo-use_2b 1021 VLLIMPLVVWVYSTDTNFSDMFWS 

Ra-t_2b 1020 

Pi<g_2b 1019 

Human_2b 1019 

RaiDbit 2b 1019 V...M LL.. 
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Fig. 3 Targeting construct for Serca2 flox gene modification. Sequence information. 

Serca2 gene 

LoxP site 1: Introii 1 

underlined sequence = loxP site and cloning sequence 
Exon I (partial) 

CACGGGGCTGAGCTTGGAGCAGGTCAAGAAGCTCAAGGAGAGATGGGGCTCCAACGgrtagsrtsrcgrgrgrgrcg 
ccggrgrgrc tgca.gcggcgcggcgcgggcccgagcgcca.aggaa.ga.tggctga.cccggctcca.cctcgtggg 
gcttggctcggcgcggcgcccgacggctgcga.gaggccggcggtcca.cgcgcgggtctgggcca.tcgccg 
acct tagrgrgrg rtctcgaatcaacrcttatcgataccgtcgatcggacctcgagggggggcccggtacccggg 
gatcaattcgagctcgcccggggatcgatccggaacccttaatATAACTTCGTATAATGTATGCTATACG 
AAGTTATtaggtccctcgacctgcagcccaagctccGGGGA tctcgagccggtgaccttcccggccggcg 
ctcagcgagtcggattgggggggggggagagggagtgggaaggagggaggaggttcctgcggctgggctg 
agtcccccgcggatttatgaggcgtcgatgttgttgagaaaccctcggaccgtttcttgtgctccccaaa 
gttgcacatctggcagaagtgatgacccagctgaaatgactgcatggtcctggaggccggagagggctta 
cgggcagttccgaggccactgattaccagggctgaataattttctcggggtatcaaagtggagacagatt 
gttgtacgttcatacacctatatccgccattcagacaacgatggtggtgaatttagcagtttttaataaa 
agcgctaatacaatatcttcatttttctttc 

Serca2 gene 

LoxP site 2: Intron 3 5'of genonaic Xcml site 

underlined sequence — loxPsite, cloning sites and partial HSV-TK 

ccaatttttattct tagaacattgtattct tatactgtga taggraagtgaaaaa tea tacag tact tgrtc 
ttaggtttcacaaaactgataactgtatggtttcaattatgtattcacacgtttaagtctgacccagggG 
GATCCggaacccttaatATAACTTCGTATAATGTATGCTATACGAAGTTATtaggtccctcgacctgcag 
cccaagctgatcctctagtcgagccccagctggttctt-tccgcctcagaagccatagagcccaccgcatc 
cccagcatgcctgctattgtcttcccaatcctcccccttgctgtcctgccccaccccaccccccagaata 
gaatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcac 
cttccagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagtcga 
ggctgatcagcgagctctagctagagaattgatcccctcagaagaactcgtcaagaaggcgatagaaggc 
gatgcgctgcgaatcgggagcggcgat*ccgtaaagcacgaggaagcgg*cagcccattcgccgccaagc 
tctt:tcagcaatatcacg g gtagccaacgctatgt*ctgataagcggtccgcccacacccaa^ccggcca 
caagtc^atgaaatcca^aaaaagcgggccatttttccacc^atgattbt^^cggcaagcaaggccttt^c 
cattgggtcaccgac*aga*catt*tccgt*c*ggcattgcgc*ccct 

HSV-TK Neo antibiotics cassette 

LoxP site 3: Intron 3 5 'of genomic Xcml site 

underlined sequence — loxP site, cloning sites and partial Neo gene 

gttttcat^accaccgcgggtcccgggc*gatat^ttcaccttgtc^ag*cggtgttgtgtggtgtaaatg 

ttcgcgattgtttcgaaaqcccc^agcacccgccagtaagtcatcggctcgggtacgtagacgatatcgtc 

gcgcgaacccagggccaccagcaagttgcgtggtggtggttttccccatcc^gtqgggac^gtctatataa 

aGC*gcagtagcgtgggcattttctgctccgggcggacttCGgtggcttcttgGtgccggcgagggcgcaa 

cgccgtacgtcggttgctatggccgcgagaacgcgcagcctggtcgaacgcagacgcgtgttgatggccgg 

ggtacgaagccatacgcgcttctacaaggcgctggccgaagaggtgcgggagtttcacgccaccaagatct 

gcggcacgctgttgacgctgttaagcgggtcgctgcagggtcgctcggtgttcgaggccacacgcgtcacc 

ttaatatgcgaagtggacctcggaccgcgccgccccgactgcatctgcgtgttcgaattcgccaatgacaa 

gacgctgggcggggtttgctcgacattgggtggaaacattccaggcctgggtggagaggctttttgcttcc 

tctitgcaaaaccacactgctcgacattgggtggaaacattccaggcctgggtggagaggctttttgcttcc 

tcttgaaaaccacactgctcgatccggaacccttaatATAACTTCGTATAATGTATGCTATACGAA 

GXTATtaggtccctcgacctgcagcccaagctgatcctctagagtcgacGtcga^ c^g^ggfog^ggccfo^g^ggg^ 

acattagcttagagg 
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Fig. 4A Schematic representation of genetic manipulation. 
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Fig 4 B: Verification of Serca locus targeting events offspring from chimeric mice. 




1 23 4 

ioxP bxF Marked alleie {fidx {'mm''} 



wo 2005/063007 



12/19 



PCT/NO2004/000397 



Fig. 5 Specificity of gene deletion in a test model. 
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Fig. 6 Cardiac ANP mRNA expression. 
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Fig. 7 Serca2 protein expression. 
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Fig. 8 Compensatory mechanisms in Serca**®^ MLC-2v-Cre mice. 
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Figure 9 Genotypes PCR 



Serca2 











Genotype 








B 


C1 


flox 
C2 flox 


flox wt 
wt flox flox 


wt wt flox wt wt flox 
wt flox flox flox flox flox flox 


flox wt 
flox flox 


wt wt wt 
flox flox flox 


wt 
flox 


















B 


C1 


C2 0 


+ 00 


0 + 0 0+ + + 


+ + 


+ + 0 


0 




. flox 
. wt 



• Cre transgene 
. MLC-2v(wt) 



t t 

FF FF 



t t t 

FF KO KO 



10 Generation of animals with Serca2^'^'' and MCM transgene alleles. 
Genotypes FF. Serca2^*^^^"^; KO, SercaZ^^'^^^^ MCM 



wo 2005/063007 PCT/NO2004/000397 

17/19 



Figure 10 Heart morphology 
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Figure 11 Pilot series left atrial diastolic diameter. 
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Figure 12 Serca protein content in tamoxifen-induced FF and KO mice 
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